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Cxri-ert, p L 2 m i n q  i r !c ludes r e a l - t i m e  d z t a  p r o c e s s i n g  
anci con t ro l .  of en emplaced A F G ~ ~ G  Luriar 3ur*face  Z ; x p s ~ i r , ; ~ ~ ~ c s  
Packsge  (.4LSEP) b y  u s e  o f  a n  I@i 3 0 0 / 5 0  computer  l o c a t e d  i1-i 
t he  X i s s i o n  C o n t r o l  Center-Houston (rv:I=c-s>. 'The d e c i s i o r .  t o  
u s e  t h e  IBM 360/50 presupposes  t h a t  a p o r t i o n  o f  i t s  c a p a b i l i t y  
w i l l  be  a v a i l a b l e  f o r  non-ALSEP work. ALSEP r e q u i r e m e n t s  are 
r ev iewed  'io d e t e r n i n e  which f u n c t i o n s  w i l l  have  t he  g r e a t e r  
c a l l  on t h i s  computer  f o r  r e a l - t i m e  suppDrt  arid t h e  t ime-depen-  
d s n t  c o n s k r a i r i t a  i n p o s e d  by t h e s e  f u n c t i o n s .  

It i s  concliuded t h a t  a d e d i c a t e d  computer  w i l l  n o t  
be  r e q u i r e d  t h r o u g h o u t  t h e  l i f e t i m e  o f  ALSEP. Rather ,  t h e  
r e q u i r e m e n t  i s  one f o r  computer a v a i l a b i l i t y ,  on a p r i o r i t y  
b a s i s ,  d u r i n g  c e r t a i n  r e a s o n a b l y  p r e d i c t a b l e  p e r i o d s .  The 
more c r i t i c a l  of  t h e s e  p e r i o d s  w i l l  o c c u r  d u r i n g  t h e  i n i t i a l  
deployment  and checkou t  o f  each  ALSEI' and d u r i n g  t h e  o c c u r r e n c e  
o f  e v e n t s  which c a u s e  r a p i d  chanses  i n  t h e  l u n a r  envirorme-nt  a 

s u c h  as s u n s e t s ,  s u n r i s e s ,  and s o l a r  f l a r e s .  
' The p e r c e n t a g e  o f  ALSEP d a t a  wnich w i l l  a c t u a l l y  be  

p r o c e s s e d  i n  rea ' l - t ime w i l l  be h e a v i l y  i n f l u e n c e d  by f a c t o r s ,  
s u c h  as c o n f ' l i c t s  w i t h  programs o f  e q u a l  or h i g h e r  p r i o r i t y ,  
whose n e t  e f f e c t  w i l l  be de t e rmined  o n l y  a t  t h e  t i m e  t h e y  O C C U Y .  
The a u t h o r s  b e l i e v e  t h a t  t h e  ALSEP w i l l  r e q u i r e  r e a l - t i m e  
computer  s u p p o r t  100% o f  t h e t i m e  f o r  t h e  f i r s t  1 0  days  o r  so  o f  
o p e r a t i o n s ,  t h i s  f a c t o r  g r a d u a l l y  d e c r e a s i n g  t o  50% by t h e  
t w e n t y - f i f t h  d a y ,  t o  2 5 %  by t h e  f o r t y - f i f t h  day  and l e v e l i n g  o f f  
a t  a 10% f a c t o r  u n t i l  t h e  next  ALSEP i s  emplaced .  ALSEP d a t a  
h a n d l i n g  i n  o t h e r  t h a n  real-t ime s h o u l d  n o t  be a s e r i o u s  problem 
i n s o f a r  as computer  l o a d i n g  and s c h e d u l i n g  are conce rned .  
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. . TECHNICAL MEMORANDUM 

1 . 0  INTRODUCTION 

The f i r s t  o f  t h r e e  p l a n n e d  Apo l lo  Lunar  S u r f a c e  E x p e r i -  
ments  Packagcs  (ALSEP) c o n t a i n i n g  four o r  f i v e  b a s i c  expe r i rn6e t s  
i s  s c h e d u l e d  t o  b e  emplaced on t h e  moon d u r i n g  t h e  second  A p o l l o  
l a n d i n g .  It  h a s  been  d e c i d e d  t h a t  real- t ime c o n t r o l  o f  t h e  em- 
p l a c e d  ALSEP and r e a l - t i m e  p r o c e s s i n g  and d i s p l a y  o f  i t s  telem- 
e t r y  d a t a  w i l l  be  per formed by a n  IBM 360/50 computer  l o c a t e d  
i n  t h e  M i s s i o n  C o n t r o l  Cen te r  a t  Houston ( N C C - H ) .  A r e c e n t  
s i z i n g  es t imate  i n d i c a t e s  t h a t  t h e  IBM 360/50 computer  w i l l  

(1) b e  25le $0 s . A ~ ~ c : ?  t - d : 9  !.LSEPs si?Tlultanecusly. 

The d e c i s i o n  t o  use the T3?! 360/50 p r e s u p p o s e s  t h a t  a 
p o r t i o n  of  i t s  c a p a b i l i t y  w i l l  b e  a v a i l a b l e  for non-ALSEP work. . 
I n  t h i s  memorandum we e v a l u a t e  t h e  v a l i d i t y  o f  t h e  ALSEP 
r ea l - t ime  r e q u i r e m e n t s ,  c o n s i d e r  t h e  impact  o f  t h e s e  r e q u i r e -  
men t s  on t h e  u t i l i z a t i o n  o f  t h e  IBM 360/50 and es t imate  t h e  
f r a c t i o n  of t h e  II3i.I 360/50 c a p a b i l i t y  t h z t  w i l l  b e  a v a i l a b l e  
for o t h e r  a c t i v i t i e s ?  The  handlins o f  ALSEP da t a  i n  non- rea l - t ime  
i n c l u d i n g  s t r i p - o u t  o f  s c i e n t i f i c  da ta  f o r  t h e  P r i n c i p a l  I n v e s -  
t i g a t o r s  ( P . I .  ) w i l l  n o t  b e  accompl ished  by t h e  real- t ime ~ o m p t -  
e r  s y s t e m  and  hence  w i l l  n o t  b e  c o n s i d e r e d  h e r e .  

GSFC e x p e r i e n c e  i n  t h e  u s e . o f  r e l a t i v e l y  low c o s t  
' P u l s e  Code Modu la t ion  Data Handl ing  Equipment (PCM-DHE) i s  

b r i e f l y  d i s c u s s e d  i n  Appendix A t o  t h i s  memorandum. The 
a p p l i c a b i l i t y  of t h i s  equipment t o  ALSEP i n  o r d e r  t o  p r o v i d e  
b e t t e r  d a t a  c o v e r a g e  and t o  allow more l a t i t u d e  I n  t h e . s c h e d u l i n g  
O f  t h e  IBM 36O/5O s h o u l d  be examined.  

2 .0  FUNCTION AND PURPOSE OF ALSEP 

ALSEP i s  a man-emplaced, l u n a r  s u r f a c e ,  s c i e n t i f i c  
s t a t i o n .  It c o n s i s t s  o f  a power s o u r c e  and a C e n t r a l  S t a t i o n  
t o  which a v a r i e t y  o f  e x p e r i m e n t s  fr0m.a number o f  s c i e n t i f i c  
d i s c i p l i n e s  c a n  be a t t a c h e d .  The C e n t r a l  S t a t i o n  p r o v i d e s  
power d i s t r i b u t i o n ,  d a t a  c o l l e c t i o n  and t r a n s m i s s i o n ,  and 
command r e c e i v i n g .  Data c o l l e c t e d  from t h e  e x p e r i m e n t s  a re  
p r o c e s s e d  i n t o  a t e l e m e t r y  format  by t h e  Central  S t a t i o n .  

*While w e  l i m i t  t h e  d i s c u s s i o n  t o  ALSEP Ar ray  A o n l y  i n  
t h i s  p a p e r ,  t h e  c o n c l u s i o n s  a p p l y  t o  A r r a y s  B and C asswel l .  
The c o n c l u s i o n s  a l s o  a p p l y  t o  t h e  E a r l y  Apo l lo  S c i e n c e  E x p e r i -  
merit Package (EASEP), which w i l l  be  emplaced on t h e  moon d u r i n g  
t h e  f i r s t  l u n a r  l a n d i n g .  
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Frame r a t e  i n  t h e  nominal  mode i s  53 frames p e r  s econd .  Each 
J L  

f rame c o n t a i n s  64 data words o f  1 0  b i t s  e a c h  or 640  b i t s  p e r  
frame. The b a s i c  b i t  r a t e  i s  1 0 6 0  bps .  

I n  "vis s e c t i o n  we b r i e f l ~ r  6 e s c r i b e  e a c h  ALSEP 
e x p e r i m e n t ,  n o t i n g  p a r t i c u l a r l y  i t s  d a t a  and command c a p a b i l i t y  
and  i t s  p r i o r i t y .  We w i l l  ' f i n d  t h a t  t h e  l o w e r  p r i o r i t y ,  lower 
r e l i a b i l i t y  e x p e r i m e n t s  have more complex f o r m a t s .  

2 . 1  E n g i n e e r i n g  Experiment  

ALSEP can be  c o n s i d e r e d  as t h e  p r o t o t y p e  o f  t h e  m u l t i -  
d i  s c i p 1 i n  a r y  1 on g - 1 i v e d g e op h y s i c a 1 ob s e r v a t or i e s w h i  c h w i 1 1 
m o n i t s r  t h e  l u - a r  s u r f a c e  a n c  i t s  s ~ b -  zrid noar-surface e n v i r o n -  
ment f o r  d e c a d e s .  A s  s u c h ,  e a r l y  emplaced ALSEPs w i l l  b e  
s t u d i e d  t o  8ssess t h e  adequacg o f  t h e  p r e s e n t  e n g i n e e r i n g  de- 
s i g n  t o  e n s u r e  t h e  s u c c e s s  o f  imnediate  fo l low-9n ALSEP f l i g h r s  
and  t o  i d e r l t i f y  m o d i f i c a t i o n s  needed  t o  e x t e n d  l i f e t i m e s  and 
t o  o p t i k i z e  o p e r a t i o n s .  Cur ren t  p l a n n i n g  s u g g e s t s  t h e t  advanced  
ALSEPs W L I ~  not d i f f e r  markedly from t h o s e  now b u i l t  and t h a t  
Z-hry,  2 s  >]ell as p r e s e n t  ALSEPs, w i l l  be f l c ~ r ~  or! 9-17  -;igr,thS 
_i .- * .z> .-> 1 _ _ - _  _ i  . 

T h i s  e x p e r i m e n t ,  by f a r  t h e  most i n p o r t a R t  s c i e n t i -  
f i c a l l y ,  p r o v i d e s  80% of t h e  ALSEP da t a  r a t e  and i s  a s s i g n e d  
t o  e v e r y  f l i g h t .  I n d e e d ,  one can  r e g a r d  ALSEP as a s e i s m i c  
o b s 5 r v a t c r ;  i ; i t k  t r.m,bei. of shoi- tcz* l i v e <  ~ u x i l i a ~ ; ~  5xp  2r:ments - t + - -1, - rl Ti", - 
a.L. ~ a ~ i i c ~ , .  i l i t  TSE co i2s l s tS  oi'; 

a .  A t h r e e - a x i s  l o n g  p e r i o d  ( 1 5  s e c o n d )  se i smomete r  
measur ing  v e c t o r  ground d i s p l a c e m e n t s  w i t h  a resolu- 
t i o n  o f  1 nanometer a t  1 Hz, a dynamic r a n g e  
o f  80 db  a t  a r a t e  o f  f o u r  v e c t o r  samples  p e r  frame. 

b .  A l e v e l i n g  s e r v o  o u t p u t  which y i e l d s  t h e  t i d a l  am- 
p l i t u d e  t o  a r e s o l u t i o n  o f  abou t  8 p g a l  at a r a t e  
o f  1 / 2  v e c t o r  s a n p l e s  p e r  f rame.  

c .  A s h o y t  p e r i o d  v e r t i c a l  s e i smomete r  w i t h  a r e s o l u -  
t i o n  o f  1 nanometer a t  i Ez,  a djinarAc r a n g e  o f  up 
t o  1 pm and a d a t a  r a t e  of 2 9  samples  p e r  f r ame .  

d .  A E2nsor  thermometer ,  i m p o r t a n t  for t h e r m a l  c o n t r o l  
and s p r i n g  c o n s t a n t  d e t e r m i n a t i o n ,  which measures  
t e m p e r a t u r e  i n  t h e  r a n g e  107OF t o  143OF w i t h  a re- 
s o l u t i o n  o f  abou t  0 .  1°F .  

e .  A commandable k i c k  c o i l  f o r  c a l i b r a t i o n .  
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The expe r imen t  . i n  o p e r a t i o n  w i l l  q u i c k l y  d e t e r m i n e  t h e  l u n a r  
s e i s m i c  background and w i l l  t h e n c e f o r t h  be  o p e r a t e d  i n  a dynam- 
i c  r a n g e  ( g a i n  s e t t i n g )  j u s t  below t h e  m i c r o s e i s m i c ,  or n o i s e  
l e v e l .  

2 . 3  Lunar  S u r f a c e  Magnetometer (LSM) 

T h i s  . expe r imen t  u s e s  t h r e e  f l u x g a t e  m a g n e t i c  s e n s o r s  
t o  measure t h e  v e c t o r  magnet ic  f i e l d  ( e i t h e r  ambien t  o r  s o l a r  
wind i n d u c e d ) .  The most s e n s i t i v e  r a n g e  i s  * 100  n a n o t e s l a  (gamma) 
w i t h  an a c c u r a c y  of  0 .5%.  W o  o t h e r  r a n g e s  are  commandable 
( 2  200 and 2 400 n a n o t e s l a )  b u t  w i l l  p r o b a b l y  b e  used  i n f r e -  
q u e n t l y  i f  a t  a l l .  The magnetometer  d a t a  h a n d l i n g  subsys t em u s e s  
7 words o f  t h e  ALSEP t e l e m e t r y  f r ame ,  6 o f  which r e p r e s e n t  
2 s amples  of  t h e  magne t i c  f i e l d  v e c t o r ,  w h i l e  t h e  7 t h  i s  sub-  
commutated among 30 e n g i n e e r i n g  measurements and s t a t u s  words .  
A t o t a l  o f  8 commands are a v a i l a b l e ,  on ly  one o f  which ( f l i p /  
c a l )  w i l l  be r e p e a t e d l y  e x e r c i s e d  d u r i n g  a nominal  m i s s i o n .  

i n t o  a s i t e  s u r v e y  mode c o n s i s t i n g  o f  1 4  a u t o m a t i c a l l y  sequenced  
s t e p s  d e s i g n e d  t o  d e t e c t  any  l o c a l  magne t i c  anomal i e s  which 
migh t  be caused  by t h e  p r e s e n c e  o f  a nearby  m e t e o r i t e .  T h i s  
i s  pe r fo rmed  on ly  once ;  t h e  res t  o f  t h e  expe r imen t  i s  conduc ted  
i n  a q u i e s c e r i t  o b s e r v a t o r y  mode rnoniLoring m a g n e t i c  t r a n s i e n t s  
c a u s e d  by changes  i n  t h e  s o l a r  wind f l u x .  P e r i o d i c  c a l i b r a t i o n s  
a re  a u t o m a t i c a l l y  sequenced  e v e r y  1 2  hours w i t h  commands 
a v a i l a b l e  t o  i n h i b i t  or i n i t i a t e  t h e  sequence  ( p r o b a b l y  d u r i n g  
s u n r i s e  and s u n s e t  p e r i o d s  f o r  t h e  f i rs t  few m o n t h s ) .  

3 

Afte r  t u r n - o n  and c a l i b r a t i o n  t h e  LSM i s  commanded 

rn ~ r i e  7. LSi4 i s  nominai iy  a n  o b s e r v a t o r y  t y p e  i n s t r u m e n t .  
Due t o  l u n a r  o r b i t a l  magnet ic  s u r v e y s  which have  a l r e a d y  been 
conduc ted  (Anchored IMP) few s u r p r i s e s  i n  t h e  data  are e x p e c t e d ;  
however ,  any s u r p r i s e s  t h a t  do o c c u r  w i l l  be  o f  fundamen ta l  
i m p o r t a n c e .  

2 . 4  S o l a r  Wind S p e c t r o m e t e r  (SWS) 

d e t e c t o r  u s i n g  7 mod i f i ed  Faraday cups t o  m o n i t o r  s o l a r  wind 
i n f l u x  from v a r i o u s  segments o f  s p a c e .  The h i g h  v o l t a g e  a p p l i e d  
t o  t h e  cups i s  a u t o m a t i c a l l y  sequenced  i n  o r d e r  t o  s c a n  a s p e c t r u m  
of 10 .5  t o  1 , 3 7 6  e v  i n  7 s t e p s  ( e l e c t r o n s )  and 75 t o  9 , 6 0 0  e v  
i n  1 4  s t e p s  ( p r o t o n s ) .  The da ta  c h a n n e l s  a re  m u l t i p l e x e d  
i n t o  a s i n g l e  s t r e a m  c o n s i s t i n g  o f  1 8 6  words p e r  SWS da ta  c y c l e ,  
( l . e . ,  4 6 . 5  ALSEP f rames) .  The on ly  command a v a i l a b l e  i s  used  
t o  swi t ch  t h e  low v o l t a g e  t o  a h i g h  mode. 

2 . 5  S u p r a t h e r m a l  I o n  D e t e c t o r  Exper iment  (SIDE) 

s o l v i n g  i o n i c  masses up t o  1 2 0  amu w i t h  e n e r g i e s  f rom 0 . 2  t o  

The SWS i s  a broad s p e c t r u m ,  d i r e c t i o n a l  p a r t i c l e  

The SIDE i s  an  ion mass s p e c t r o m e t e r  c a p a b l e  o f  re-  

. -. 
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48.6 ev .  I n  a d d i t i o n ,  a h igh  ene rgy  d e t e c t o r  w i l l  coun t  p a r t i -  
c l e s  from 1 0 - e v  t o  3,500 ev  i n d e p e n d e n t l y  o f  t h e  mass. I n  
o r d e r  t o  compensate  for p o s s i b l e  e l e c t r i c  f i e l d s  a ground p l a n e  
i s  dep loyed  u n d e r  t h e  i n s t r u m e n t .  The ground p l a n e  v o l t a g e  ( w i t h  
r e s p e c t  t o  t h e  i n s t r u m e n t )  can be  s t e p p e d  from 0 t o  2 2 7 . 6  v o l t s .  
The t h r e e  f a i a i ab le  v o l t a g e s  ( v e l o c i t y  f i l t e r ,  e n e r g y  f i l t e r ,  
ground p l a n e  v o l t a g e s )  a r e  a u t o m a t i c a l l y  s e q u e n c e d  t h r o u g h  
t h e i r  r a n g e s .  An e n t i r e  d a t a  c y c l e  r e q u i r e s  o v e r  6 ,000  ALSEP 
frames o r  a p p r o x i m a t e l y  one h o u r  t o  comple t e .  However, e l i m i -  
n a t i o n  o f  ground p l a n e  v o l t a g e  s t e p p i n g  ( a f t e r  a f e w  d a y s )  w i l l  
r e d u c e  t h i s  t o  a b o u t  3 min/cyc le .  F i v e  ALSEP command l i n e s  
are used  by SIDE t o  encode  and e x e c u t e  15 commands. Of t hese  
15 commands, 1 2  are c l a s s i f i a b l e  as c o n t i n g e n c y  commands ( i . e . ,  
r e s e t t i n g  frame c o u n t e r s ,  s v i t c h i n g  h i g h  v o l t a g e )  and a p p r o x i -  
m a t e l y  3 commands may b e  e x e r c i s e d  on t h e  o r d e r  o f  once  a month. 

2 . 6  Cold Cathode Gauge Experiment  ( C C G E )  

T h i s  e x p e r i m e n t  i s  packaged  w i t h ,  and shares  t h e  e l e c -  
t r o n i c s  o f ,  t h e  S I D E .  I t s  o u t p u t  d a t a  stream i s  m u l t i p l e x e d  
w i t h  t h e  SIDE d a t a .  The one command used  by t h e  CCGE ( h i g h  
vo1ta:;e c n / o f f )  i s  t a b u l a t e d  as or?e o’ t h e  S I E Z  c ~ ~ r - . a - l s .  The 
C C G E  meiisures t h e  d e n s i t y  of n e u t r a l  acorns ( i . e . ,  l u n a r  a t n o s -  
p h e r i c  p r e s s u r e ) .  Although i t  i s  c l a s s e d  as a relatively low 
p r i o r i t y  e x p e r i m e n t ,  i t  i s  i m p o r t a n t  t o  f l y  i t  on t h e  e a r l y  
m i s s i o n s  because  o f  p o s s i b l e  c o n t a m i n a t i o n  o f  t h e  t e n u o u s  
l u n a r  a tmosphere  ( <  10- lOtor r )  w i t h  r o c k e t  e x h a u s t .  

3 . 0  REAL-TIME CONTROL OF’ ALSEP --- 

Data can  be r e t r i e v e d  from ALSEP i n  r ea l  t i m e  -- 
w i t h i n  seconds  of’ t h e i r  t r a n s m i s s i o n  from t h e  C e n t r a l  S t a t i o n  - 
v i a  t e l e m e t r y  l i n k s ,  t h e  remote s i t e s ,  and t h e  communicat ion . 
l i n e s  of t h e  Manned Space  F l i g h t  Network. 
u sed  as b a s e s  f o r  o b s e r v i n g  and c o n t r o l l i n g  ALSEP h e a l t h  
and expe r imen t  o p e r a t i o n s .  

needed  t o  s u p p o r t  any s p a c e  v e h i c l e  i s  a f u n c t i o n  o f  what can 
be done t o  conmand i t s  o p e r a t i o n  and overcome m a l f u n c t i o n s .  
I n  t h i s  s e c t i o n  w e  d i s c u s s  t h e  c o n t r o l  c a p a b i l i t y  o f  ALSEP, 
i t s  r e l i a b i l i t y  and f a i l u r e  modes, i t s  i n t e n d e d  o p e r a t i o n  and ,  
i n  l i g h t  o f  t h e s e  f a c t o r s ,  a s s e s s  t h e  r e a l - t i m e  f l i g h t  c o n t r o l  
r e q u i r e m e n t s  as c u r r e n t l y  s t a t e d  by M S C . *  

These da t a  are  

.. 
The d e g r e e  and amount o f  r e a l - t i m e  c o n t r o l  c a p a b i l i t y  

*Refe rences  ( 2 )  ( 3 )  ( 5 )  and ( 8 )  c o n t a i n  d e t a i l e d  s t a t e m e n t s  
of  c u r r e n t  r e q u i r e m e n t s  for ALSEP real- t ime c o n t r o l .  
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3 . 1  C o n t r o l  C a p a b i l i t y  o f  ALSEP 

The ALSEP command decoder  i s  c a p a b l e  o f  a c c e p t i n g  
66 d i f f e r e n t  conlqands. ( 5 )  
a v a i l a b l e ,  28 w i l l  b e  used  o c c a s i o n a l l y ,  35 r a r e l y  and 3 
one- t ime o n l y .  :dote t h a t  only 28 comm?rds a r e  a l l o t t e d  t o  a l l  
4 e x p e r i m e n t s  s o  t h a t  t h e  ALSEP c o n t r o l  c a p a b i l i t y  i s  f a i r l y  
modes t .  

by t h e  command d e c o d e r  9 6  hour s  a'fter p l u g - i n  of  t h e  R a d i o i s o t o p e  
T h e r m o e l e c t r i c  G e n e r a t o r  ( R T G ) ;  These ( see  T a b l e  11) backup  
t h e  p r ime  a c t i o n  by t h e  MCC-H i n  t h e  e v e n t  o f  r e c e i v e r  f a i l u r e .  
They blosv t h e  Shrc' 3 ( two commands) . and  S I D E  d u s t  c o v e r s  ( two commands), 
brez1-7 t h e  CCGZ seal arid ur,:.agc t h e  "E. Z n e  o n e - t i n e  c~inmand tur:-,s 
o f f  t he  r J e c e i v e r  a t  t h e  end o f  two y e a r s ,  r e s e t s  t h e  r e c e i v e r  c i r -  
c u i t  breaker 2nd i n s u r e s  t h a t  power i s  r e s t o r e d  t o  t h e  f o u r t h  
( l o w 2 s t  g ? i o r i . t y )  2xperlnient  i n  t h e  e v e n t  a " r f p p l e  o f f "  of  
exper inent i  p o x e r  has o c c u r r e d  due t o  g v e r l o a d .  These  a r e  
e s s ? f i t i a l l y  ' ' t ~ t 1 ~ 1 ; p ' !  commsnds s l n c e ,  w i t h  a nornally o p e r a -  
ting ALSEP, t h e y  would  be r edundan t  and unneeded.  A summary 
of  AiSEF 'r 2,2i;,;~ cor;.,!-[!and-systPI_S i s  g iver .  i n  T r , G i e  ITI. 

We est imate  t h a t ,  o f  t h e  66  commands 

Seven  one-t ime commands are a u t o m a t i c a l l y  g e n e r a t e d  

Table I su i imar izes  s t a t e d  r e q u i r e m e n t s  for ALSEP 
real- t ime d a t a  s u p p o r t .  Th i s  s u p p o r t  may be g r o u p e d ,  c h r o n o l o g -  
i c a l l y ,  i n  f i v e  p h a s e s  for purpose  of a n a l y s i s :  

a. Dep loyrnen t / ac t iva t ion  on l u n a r  s u r f a c e .  

b. I n  i t i a 1 exper in len t  checkout  and c a l i b r a t i o n .  

c .  F i r s t  fo l - ty - f ive  dzys o f  a c t i v i t y .  

d .  Fo i - ty - s ix th  day t o  end o f  f i r s t  y e a r .  

e .  End cf  f i r s t  y ? a r  t o  t u r n - o f f  o f  ALSEP. 

3 . 2 . 1  D e p l o y ~ : p n t / A c t i v a t i o n  on Lunzr  S i  . r f a c e  -- _______-.-- 

R e  qu i r e  111 e n t : 

P r e s e n t  p l a n n i n g  e n v i s i o n s  ALSEP deployment  by t h e  

- -- 

two-man a s t r o n a u t  team d u r i n g  t h e  second  EVA p e r i o d .  ( * I  Dur ing  
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t h e  d e p l o y m e n t / a c t i v a t i o n  p h a s e ,  two a c t i v i t i e s  w i l l  r e q u i r e  
real-t ime m o n i t o r i n g  or real_t ime c o n t r o l  f rom t h e  ALSEP MCC-H: 
1) a c t i v a t i o n  and tu rn -on  of t h e  s t a t i o n ,  and 2 )  a l i g n m e n t  
a n d  check ing  o f  t h e  a n t e n n a ,  F o l l o w i n g  ALSEP deployment ,  
t u rn -on  o f  tb,e s t a t i o n  and t r a n s m i t t e r  i s  by g round  command 
upon a s t r o n a u t  r e q u e s t .  The f l i g h t  crew w i l l  s t a n d  by t h e  
C e n t r a l  S t a t i o n  u n t i l  t h e  MCC -H h a s  checked  o u t  t h e  s y s t e m .  
If ALSEP does  n o t  r e s p o n d  t o  g round command, c o n t i n g e n c y  
a c t i o n  i s  t a k e n  by t h e  a s t r o n a u t  t h r o u g h  t h e  o p e r a t i o n  o f  
t h ree  s w i t c h e s .  S w i t c h  No. 1 s t a r t s  t h e  Power C o n d i t i o n i n g  
U n i t  ( P C U )  c o n v e r t e r  o s c i l l a t o r .  T h i s  s w i t c h  i s  a c t i v a t e d  
i n  any e v e n t  as a backup t o  t h e  ground c o n t r o l . .  S w i t c h  No. 

2 )  i t  t u r n s  on Data P r o c e s s o r  Y ;  and 3 )  i t  r e s e t s  t h e  command 
r e c e i v e r .  Swi t ch  No. 3 i s  2. gang slwitch which a p p l i e s  power 
s e q u e n t i a l l y  t o  t h e  f o u r  expe r imen t s - - the  P a s s i v e  S e i s m i c  
Exper iment  (PSE) , t h e  Lunar  S u r f a c e  Piagnetorneter Exper iment  
(LSM), t h e  S o l a r  Wind S p e c t r o m e t e r  ( S X S ) ,  and t h e  S u p r a t h e r -  
m a l  I o n  D e t e c t o r  Experiment/Cold Cathode Gauge Exper iment  
(SIDE/CCGE) i n  t h a t  o r d e r , a t  a p p r o x i n a t e l y  0 . 1  second i n t e r -  
~ 2 1 s .  Fin=i l  s?:L tch  c s s i . t i ~ r s  "re r e a c ~ ~ t s r l  t o  ';he 5:SC -Fi b y  
t h e  as t ronau 'c .  I#;CC -E ac:>::io-;;Le5ci,ss t i i is  repol-: z::d, In 
t u r n ,  r e 3 o r t s  ALSZP s t a t u s  t o  t h e  a s t r o n a u t .  

( 3 )  

2 perfor;; C9-n-n u l L L L  L u , l L u L u L l d .  f > ~ m n t i  nnc. - 1) i t  t i ; rns  on t r a n s m i t t e r  B;  

The a s t r o n a u t  also can  p e r f o r m  a r e a l i g n m e n t  o f  
t h e  a n t e n n a .  Normal p r o c e d u r e  c a l l s  f o r  a l i g n m e n t  t o  t h e  
c e n t e r  o f  t h e  e a r t h ' s  l i b r a t i o n  f o r  t h e  c o n i n g  y e a r .  P o i n t i n g  
d a t a  are  obta i -ned  from an airni-ng t a b l e  b e f o r e  d e p a r t i n g  
the LM. These dai;a a y e  ~ h p y k ~ . ( r !  a n d  v p y i f i p d  hy  the MC(3 -H 
f l i g h t  c o n t r o l l e r s .  Fol lowing  a l ign r ren t  t h e  a s t r o n a u t  r e q u e s t s  
t u rn -on  by remote  coimands.  S i g n a l  s t r e n g t h  and s i g n a l  c h a r a c -  
t e r i s t i c s  are  checked  by t h e M C C - H  and ,  i n  t h e  e v e n t  f u r t h e r  
o p t i m i z a t i o n  i s  d e s i r e d ,  t h e  a s t r o n a u t  can  manual ly  a d j u s t  
t h e  a n t e n n a  a l ignmen t  u s i n g  o f f s e t s  s u p p l i e d  by t h e  M C G H  u n t i l  
t h e  d e s i r e d  p e r f o r n a n c e  i s  a c h i e v e d .  

A l l  o f  t h e  d e p l o y m e n t / a c t i v a t i o n  o p e r a t i o n s  w i l l  
b e  conducted  i n  c o n c e r t  w i t h  t h e  MCC -H and w i l l  b e  m o n i t o r e d  and 
commanded I n  r e a l  t i m e .  Fo l lowing  tu rn -on  o f  ALSEP, i t  i s  
p l a n n e d  t o  have. t h e  crew per fo rm a g e o l o g i c a l  t r a v e r s e  d u r i n g  
t h e i r  r e t u r n  t o  t h e  LM. ALSEP i s  mon i to red  by t h e  MCC -H d u r i n g  
t h i s  t r a v e r s e  and a l s o  d u r i n g  t h e  t i m e  t h e  LM i s  d e p a r t i n g  
t h e  l u n e r  s u r f a c e  i n  o r d e r  t o  d e t e c t  any d i s t u r b a n c e  o f  t h e  l u n a r  
envi ronment  caused  b y  a s t r o n a u t  or LFI a c t i o n .  I n i t i a l  checkout, ,  
and  exper i izen t  c a l i b r a t i o n  and t u r n - o n ,  may b e g i n  a t  t h i s  
p o i n t  o r  a l t e r n a t i v e l y  awai t  r e t u r n  of  t h e  LM t o  E a r t h .  

Assessment : 

B a r r i n g  i n f l i g h t  emergenc ie s  n e c e s s i t a t i n g  f u l l  devo- 
t i o n  t o  crew s a f e t y  by t h e  MCC -H, t h e  r e q u i r e m e n t  f o r  real-t ime 
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commanding and  da ta  m o n i t o r i n g  d u r i n g  t h i s  d e p l o y m e n t . / a c t i v a t i o n  
p h a s e  may b e  c o n s i d e r e d  t o  be  "ha rd"  s i n c e  i t  i s  d i f f i c u l t  t o  
conce ive .how these  a c t i v i t i e s  c o u l d  be s u c c e s s f u l l y  accompl i shed  
o t h e r w i s e .  

3 . 2 . 2  I n i t i a l  Yxperirrient Checkout and  C a l i b r a t i o n  

Requirement  : 

T h i s  p h a s e  follows t h e  emplacement o f  ALSEP on t h e  
lunar s u r f a c e .  
t i o n  o f  t h e  e x p e r i m e n t s  and ends when a l l  s y s t e m s  have  been  
e x e r c i s e d  and  base l i n e  d a t a  have been  o b t a i n e d .  
summarized,  i s  as f o l l o w s :  

It b e g i n s  w i t h  t h e  i n i t i a l  checkou t  and  a c t i v a -  

The s e q u e n c e ,  

(1) S e i s n Q a e t e r  (PSE) 

I n i t i a l  Checkout ( s p o t  :heck o f  t e 1 e r ; e t r y  t r a n s -  
m i s s i o n  o f  e n g i n e e r i n g  and  s c i e n t i f i c  d a t a ) ,  

L e v e l i n g  

F l i p / C a l i b r a t i o n  (PSE s c i e n t i f i c  d a t a  a l s o  
checked  s i m u l t a n e o u s l y  for e v i d e n c e  o f  c r o s s -  
t a l k  and mot ion)  

.. C o l l e c t  Base l i n e  Data  

( 3 )  S o l a r  I4!ind S p e c t r o m e t e r  (SNS) - 

I n i t i a l  Checkout ( P S Z  s c i e n t i f i c  da5a also 
checked for rnotiori dur ing  rerzoval  oi' d u s t  

T h e r m a l  Check 

c o v e r )  

C o l l e c t  Base l i n e  Data 

(4) F l i p / C a l i b r a t i o n  of Magnetometer -- (Repea t  of  
F l i p I C a l i b r a t i o n  Sequence )  
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S u p r a t h e r m a l  I o n  D e t e c t o r  (SIDE) 

I n i t i a l  Checkout 

Thermal Check 

C a l i b r a t i o n  

C o l l e c t  Base l i n e  Data 

F l i p / C a l i b r a t i o . n  o f  Magnetometer -- (Repea t  o f  
F l i p / C a l i b r a t i o n  Sequence )  

I n i t i a l  Checkout o f  Cold Cathode Ga.uge ( C C G E )  -- 
( P S E  s c i e n t i f i c  d a t h  ~ n e c k e d  for e v i d e n c e  o f  
s e a l  b r e a k )  

F l i p / C a l i b r a t i o n  o f  Magnetometer -- (Repea t  o f  
F l i p / C a l i b r a t i o n  Sequence )  . 
sensol '  t e n p e r a t u r e s  a r e  mon i to red  c o n t i n u o u s l y  
for one hour  or u n t i l  s t a b i l i z a t i o n  i s  conf i rmed  
b s f o r e  c o m e n c i n g  t5s n ? x t  fur.ct,i-o!: :.:kiich is 

A t  t h i s  p o i n t ,  

c2 : 2 5 .ay7,rL;.. c _ J . ,  

( P S E  s c i e n t i f i c  d a t a  checked f o r  e v i d e n c e  o f  
m e  c h a n i  c a1 op e r a t  i on ) 

Assessment :  

The i n i t i a l  checkout  s e q u e n c e ,  summarized above,  t akes  
a p p r o x i m a t e l y  20  h o u r s  t o  comple te .  

- f o l l o w i n g  c o m p l e t i o n  o f  t h e  d e p l o y m e n t / a c t i v a t i o n  p h a s e .  
begun,  i t  should be  completed w i t h o u t  i n t e r r u p t i o n  s i n c e ,  i f  
anomal i e s  o c c u r ,  t ime  c o n s t r a i n e d  dec i s i c jns  w i l l  .be  made con- 
c e r n i n g  f i x e s  and w h e t h e r  or when t o  p r o c e e d  t o  t h e  n e x t  
s t e p .  T h u s ,  one may c a t e g o r i z e  i t  as a " r e a l  t i m e  b u t  any t ime"  
s e q u e n c e .  

It  b e g i n s  a t  any t i m e  
Once 

3 . 2 . 3  First Fort;:-Five Days 

Requirement  : 

The r e q u i r e m e n t  s t a t e d  for t h i s  t i m e  p e r i o d  i s  f o r  
c o n t i n u o u s  r e a l - t i m e  m o n i t o r i n g  o f  da ta  i n  o r d e r  t o  deve lop  
c o n f i d e n c e  i n  t h e  ALSEP sys tem and t o  make  n e c e s s a r y  a d j u s t -  
men t s .  The f o r t y - f i v e  day p e r i o d  s p a n s  t h e  f i r s t  two l u n a r  
d a y / n i g h t  t r a n s i t i o n s  which a r e  t h e  most c r i t i c a l  i n s o f a r  as 
s t a t u s  i s  conce rned .  
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Assessment :  

a n d  p r o c e  
p e r i o d ,  w 

The need f o r  c o n t i n u o u s  real- t ime data t r a n s m i s s i o n  
s s i n g ,  e s p e c i a l l y  d u r i n g  t h e  e a r l y  p o r t i o n  o f  t h i s  
,ill t e  i n f l u e n c e d  b y :  

(1) The l u n a r  env i ronmen t ,  which c o u l d  r a n g e  
f rom dynamic t o  q u i e s c e n t ,  . 

(2) 

( 3 )  

( 4 )  

The t h e r m a l  e f f e c t s  of  t h e  s u n  on ALSEP, 

The a c t u a l  h e a l t h  o f  ALSEP, 

The e f f e c t s  on ALSEP c i r c u i t r y  and t h e r m 1  
b a l a n c e  o f  f l u c t u a t i o n s  i n  power u s a g e ,  
i n c l u d i n g  u n d e r l o a d ,  i n  t h e  event; expe r imen t  
m a l f u n c t i o n s  s h z u l d  o c c i r .  

A d d i t i o n a l l y ,  i t  w i l l  be  d e s i r a b l e  t o  d e t e c t  t h e  m a j o r  
s c i e n t i f i c  e v e n t s  ( e . g . ,  a moonquake) a s  soon a s  p o s s i b l e .  Once 
e x p e r i e n c e  has been  g a i n e d ,  b o t h  w i t h  t h e  AISEP system 2nd w i t h  
t h e  11xz.1- enviroz-snt , c o n t l n u ~ ? ~ s  r s L 1 - t  ?.e d a t e  7 c=iiitc;:-inz c2.n 
b e  m a r k e d l y  r e d u c e d  i f  n o t  d i s c o n t i n a e d  e n t i r e l y .  

f o r t y - f i v e  day  p e r i o d  a f t e r  deployment  would p r e v e n t  t h e  
IBM 3 6 0 / 5 0  from b e i n g  used  f o r  any o t h e r  a c t i v i t y .  
we b e l i e v e  t h a t  computer  t ime  c o u l d  be  made a v a i l a b l e  f o r  
other purposes, a t  least d u r i n g  t h e  l a t t e r  pa7.i c? t h c  pe;.iod. 
Zui.  the  first teri days or SO, uriiii the lirst l u r i a  sunset, 
c o n t i n u o u s  m o n i t o r i n g  t o  e n s u r e  t e m p e r a t u r e  s t a b i l i z a t i o n  and 
t o  s a t i s f y  s c i e n t i f i c  i n t e r e s t  c a n  b e  j u s t i f i e d .  F o l l o w i n g  
t h e  f i r s t  t e n  d a y s ,  t h e r e  w i l l  be  i n t e r e s t  i n  m o n i t o r i n g  c o n t i n -  
u o u s l y  t h e  thermal  c o n t r o l  s y s t e m  d u r i n g  t h e  f i r s t  few s u n s e t s  
and  s u n r i s e s .  However, once t e m p e r a t u r e s  s t a b i l i z e  and con- 
f i d e n c e  has been  a c h i e v e d  t h a t  limits w i l l  n o t  b e  exceeded ,  o r  
n o t  approached  r a p i d l y ,  t h e r e  w i l l  b e  l i t t l e  need  f o r  c o n t i n u o u s  
m o n i t o r i n g .  Also ,  it i s  n o t  a t  a l l  c e r t a i n  t h a t  t h e  l u n a r  
g e o p h y s i c a l  envi ronment  will b e  o f  a s u f f i c i e n t l y  dynamic n a t u r e  
t o  r e q u i r e  c o n t i n u o u s  r e a l - t i m e  t r a n s m i t t a l  o f  s c i e n t i f i c  da ta  
t o  t h e  DICC-H. V e r y  l i k e l y  t h e  r e q u i r e n e n t  w i l l  r e d u c e  t o  one  
which s t a t e s  a need f o r  a c o n t i n u i n g  2 - j a i l a b i l i t y  r a t h e r  t h a n  
u s e  o f  a real-t ime c a p a b i l i t y .  Much o f  t h e  t i m e  s h o u l d  be  
a v a i l a b l e  f o r  work o f  h i g h e r  p r i o r i t y .  S i n c e  a l l  da ta  w i l l  
be  r e c o r d e d  o r l t a p e  a t  t h e  r e n o t e  s i t e s  and w i l l  be a v a i l a b l e  
f o r  normal  p r o c e s s i n g ,  t h e  need f o r  rea l - t ime p r o c e s s i n g  w i l l  
have  t o  be weighed a g a i n s t  i t s  c o s t  as w e l l  as a g a i n s t  t h e  
o t h e r  u s e s  t o  which t h e  f a c i l i t i e s  c a n  be  p u t .  

The r e q u i r e m e n t  f o r  c o n t i n u o u s  m o n i t o r i n g  d u r i n g  t h e  

However, 

--- 
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3.2 .4  F o r t y - S i x t h  Day t o  End o f  F i r s t  Year 

Requirement  : 

I n  r e c o g n i t i o n  o f  t h e  e x p e c t e d  i n c r e a s e  i n  c o n f i d e n c e  
i n  ALSEP o p e r a t i o n ,  r e q u i r e m e n t s  a re  d r a s t i c a l l y  r e d u c e d  f o l l o w i n g  
the 45th day a f t e r  deployment .  The r e q u i r e m e n t s  f o r  real-time 
data from t h e  f o r t y - s i x t h  day u n t i l  t he  end  o f  t h e  f i r s t  y e a r  
are ,  as s t a t e d  by MSC, summarized below: 

i 
I 
i 

(1) Twice a day f o r  a t  l e a s t  two c o n t i n u o u s  h o u r s  
p e r  day - Monitor  t e l e m e t r y  and compare a g a i n s t  
l i m i , t s  . 
Check SIDE e n g i n e e r i n g  d a t a  and compare a g a i n s t  
l i m i t s ;  check SWS t e m p e r a t u r e s  and c a l i b r a t i o n  
v o l t a g e s .  Spot  check  I a s s i v e  s e i s m i c  s c i e n t i f i c  
da t a .  If t i d a l  da t a  i n d i c a t e  i n s t r u m e n t  has 
s h i f t e d  o f f  l e v e l ,  p r o c e e d  w i t h  l e v e l i n g  s e q u e n c e .  

( 2 )  Once a day - check h i g h  energy  and low ene rgy  
S T 3 Z  ds tc l  a l t e r n a t s l y  f o r  ORE. hod:= e z c k ,  

( 3 )  Onc? a week - check d ~ s t  d e t e c t o r .  

( 4 )  Every 1 4 . 7 5  days - m o n i t o r  and c o n t r o l  t h e r m a l  
b a l a n c e  i f  n e c e s s a r y  d u r i n g  48 t o  6 0  h o u r s  o f  
t h e  l u n a r  s u n r i s e  and s u n s e t  p e r i o d .  
n "yiri-i . - .  L:iiA- _ -  ,Ti- ?r  I ? n - - ' - C l ? r  ( 5 )  - p = c Z a l  - c ? , & J c -  5 4 i. dpd " - >  1 1 -  i \ 3 Ci ai J LZ L s r i i -  
t o r  e v e n t s  of i n t e r e s t  s u c h  as u n u s u a l  s o l a r  
a c t i v i t y  and a f t e r s h o c k s  o f  d e t e c t e d  moonquakes. 

Assessment :  

These r e q u i r e m e n t s  w i l l  change as e x p e r i e n c e  i s  g a i n e d  
w i t h  t h e  s y s t e m .  Some r e a l - t i m e  checks  may e v e n t u a l l y  n o t  be.. 
r e q u i r e d  a t  a l l  ( e . g , ,  s p o t  check p a s s i v e  s e i s m i c  e x p e r i m e n t ,  
weekly d u s t  d e t e c t o r  check)  because  o f  t h e  p o t e n t i a l l y  non- 
v a r y i n g  n a t u r e  o f  t h e  l u n a r  envi ronment ,  w h i l e  o t h e r s  may 
r e q u i r e  m o n i t o r i n g  more o f t e n  t h a n  c u r r e n t l y  e s t i m a t e d .  E x p e r i e n c e  
w i t h  t h e  O r b i t i n g  Geophys ica l  Obse rva to ry  (OGO)% and o t h e r  
s i m i l a r  g e o p h y s i c a l  p a y l o a d s  s u g g e s t s  t h a t  t h e  need  f o r  m o n i t o r i n g  
and commanding c r i t i c a l  e v e n t s  d i m i n i s h e s  w i t h  t ime and t h u s ,  
c o n s i d e r a b l e  f l e x i b i l i t y  i n  when t h i n g s  need  t o  b e  done w i l l  
be a l l o w e d .  (4) 

*See Appendix A 
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A c e r t a i n  amount of rea l - t ime s u p p o r t  w i l l  b e  d e s i r -  
a b l e  d u r i n g  t h i s  p h a s e .  
t o  p e r f o r m  - a l l  o f  t h e  s t a t e d  r e q u i r e d  checks  i n  a real- t ime 
mode. 
and s a f e l y  o p e r a t e d  d u r i n g  t h i s  p h a s e  c o m p l e t e l y  n o n - r e a l  t ime 
w i t h  a l l  d a t a  t e i n g  r e c e i v e d  and s t o r e a  a t  t h e  s i t e s  and  c a l l e d  
up and  p r o c e s s e d  as t i m e ,  r e s o u r c e s ,  and i n t e r e s t  p e r m i t .  The 
s t r o n g e s t  c a l l  on' real-time s u p p o r t  w i l l  come d u r i n g  t e r m i n a t o r  
c r o s s i n g s  which o c c u r  a t  i n t e r v a l s  o f  1 4 . 7 5  days  a l t h o u g h  even  
h e r e ,  e x p e r i e n c e  w i l l  p robab ly  r e l a x  o r  e l i m i n a t e  t h e  c u r r e n t l y  
s t a t e d  need  f o r  48 t o  60 hours  .of "con t inuous  
da ta .  These, t h e n ,  f a l l  i n  t h e  c a t e g o r y  o f  "wai t -and-see" re-  
q u i r e m e n t s .  I n  g e n e r a l ,  t h e y  s h o u l d  n o t  p l a c e  an e x o r b i t a n t l y  
heavy d u t y  c y c l e  cr! FCC-H f a c : l i t i e s .  

3 . 2 . 5  End o f  F i r s t  Year t o  Turn-Off 

A c t u a l l y ,  i t  would b e  b e n e f i c ' i a l  

Conce ivab ly ,  however,  ALSEP c o u l d  b e  s a t i s f a c t o r i l y  

real-t ime" 

P 

Assessment :  

T h i s  req i j i r2r ren t  r \ l : o p s  22 _ A _ -  2 m  ' - - - - -  ,~ - - .  . . _ _  I,!.? - L L L  ;I, 

t n e  r e a l - t i m e  computer  c o n t r o l  s y s t e m  and can  be  i g n o r e d  
I n s o f a r  as any sys t ems  l o a d i n g  a n a l y s i s  i s  conce rned .  

3 .3  The Impact  o f  R e l i a b i l i t y  on Real-Time C o n t r o l  

A ma jo r  f a c t o r  i n  d e t e r m i n i n g  t h e  arrount o f  r e a l -  
t i m e  m o n i t o r i n g  n e c e s s a r y  f o r  ALSEP i s  t h e  e f f e c t  G f  t ime 
d e l a y s  i n  r e c o g n i z i n g  a f a i l u r e  and zipplying c o r r e c t i v e  a c t i o n .  
I n  t h i s  s e c t i o n  we d i s c u s s  t h e  t y p e s  o f  f a i l u r e s  t h a t  ni 'ght 
o c c u r  d u r i n g  a m i s s i o n ,  and t h e  impact  o f  n o t  d e t e c t i n g  t h e s e  
f a i l u r e s  irEmediately . 
3 .3 .1  . C o n t i n g e n c i e s  

F igu rP  1 i s  a g r a p h  o f  the c u r - e n t  ALSE? r e l i a b i l i t y  
p r e d i c t i o n s  for t h e  F l i g h t  1 mode l  as a f u n c t i o n  o f  t i m e .  
It i s  c u r r e n t l y  e s t i m a t e d  t h a t  t h e  ALSEP sys t em ar ray  for 
F l i g h t  1 has a p r o b a b i l i t y  o f  0 .35 o f  p e r f o r m i n g  a c o m p l e t e l y  
s u c c e s s f u l  o p e r a t i o n  o f  a l l  expe r imen t s  f o r  a one y e a r  
p e r i o d ( 6 )  and a p r o b a b i l i t y  o f  0 .87  t h a t  t h e  PSE w i l l  have  
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one y e a r  s u c c e s s f u l  o p e r a t i o n .  From F i g u r e  1, w e  s ee  t h a t  
a l l  e x p e r i m e n t s  have  a ve ry  h i g h  p r o b a b i l i t y  o f  a t  l ea s t  
one month ' s  o p e r a t i o n ,  b u t  t h a t  t h e  r e l i a b i l i t y  o f  t h e  low 
p r i o r i t y  e x p e r i m e n t s  r a p i d l y  d e g r a d e s  w i t h  t ime .  

Thus,  i t  i s  r e a s o n a b l e  t o  e i r , e c t  t h a t  c o n t i n g e n c y  
o p e r a t i o n s  w i l l  b e  needed .  Presumably t h e y  c o u l d  b e  o f  
t h e  d i a g n o s t i c / q u i c k  f i x  t y p e  and  r e s u l t  i n  a p r o g r e s s i v e l y  
deg raded  mode o f  o p e r a t i o n .  The e x p e r i m e n t s ,  o r  p o r t i o n s  
of them, may be  e x p e c t e d  t o  g i v e  o u t  one a t  a t i m e  u n t i l  
f i n a l l y  t h e  C e n t r a l  S t a t i o n  d i e s .  Expec ted  c o n t i n g e n c i e s  
are n o t  y e t  w e l l  documented s o  below w e  s imply  l i s t  some 
f a i l u r e s  ALSEP has had i n  ther ina l  vacuum t e s t .  

a. PSE: Caging mechanism f a i l u r e ;  s p u r i o u s  
s i g n a l s  c a u s e  e x e c u t i o n  o f  l e v ? l i n g  
cormand or g a i n  change connmands; m a r g i n a l  
t h z r m a l  c o n t r o l .  

%3 

b .  LSN: D i g i t a l  f i l t e r  may o s c i l l a t e ;  s e n s o r  f l i p p i n g  
may have d i f f i c u l t i e s .  

d .  S IDE:  High v o l t a g e  a r c i n g ,  d u s t  c o v e r  may f a i l  
t o  open .  

e .  C e n t r a l  S t a t i o n :  l a i n t  nay  p e e l  o f f ,  a l t e r i n g  
thermal  b a l a n c e .  

f .  G e n e r a l :  ALSEP uses  many f l a t - p a c k s  
on which a q u a l i t y  a l e r t  has been  i s s u e d .  

. 3 .3 .2  Time C o n s t a n t s  and Data L o s s  

The ALSEP d e s i g n  ground r u l e  t h a t  s i n g l e - p o i n t  f a i l u r e  
modes b e  a v o i d e d  was f a i r l y  w e l l  e n f o r c e d  s o  we may conc lude  
t h a t  ALSEP c o n t a i n s  no known, s e r i c u s ,  s i n g l e - p o i n t  f a i l u r e  
modes. ALSEP has a t o t a l l y  p e s s i v e  t h e r m a l  c o n t r o l  d e s i g n  and 
has no a c t i v e  e l e m e n t s  such  as p o l n t i n g  mechanisns  or l o u v e r s .  
C r i t i c a l  commands such  as dust cove r  removal ,  LSII, c a l i b r a -  
t i o n ,  e t c . ,  a re  backed  up by t ime?-gene ra t ed  comiiands, s o  t h a t  
i n  t h e  e v e n t  o f  t o t a l  r e c e i v e r  f a i l u r e  most ALSEP da ta  would 
s t i l l  be  a v a i l a b l e ,  a l b e i t  f r o z e n  i n  tile o p e r a t i o n a l  mode e s t a b -  
l i s h e d  b e f o r e  f l i g h t .  The r e a l - t i m e  c o n t r o l  r e q u i r e m e n t  f o r  
2 hours /day  r o u t i n e  mon i to r ing  i m p l i e s  t h a t  n o t h i n g  d r a m a t i c  
o r  i r r e v o c a b l e  s h o u l d  happen t o  a nominal  ALSEP i n  a 2 2  h o u r  
p e r i o d  and t h a t  a lame ALSEP w i l l  n o t  d e s t r o y  i t s e l f .  T h i s  



. 
.. 

BELLCOMM, I N C .  - 13 - 

seems e m i n e n t l y  r e a s o n a b l e  and w e  c e r t a i n l y  have  no d a t a ,  p r e -  
d i c t i o n s  or s u s p i c i o n s  t h a t  a n y t h i n g  t o  t h e  c o n t r a r y  w i l l  
o c c u r .  S i n c e  t h e  change i n  t h e  l u n a r  envi ronment  i s  c y c l i c  
w i t h  a l o n g  p e r i o d ,  t h e  p a r t i c l e  e x p e r i m e n t s  would n o t  be mate- 
r i a l l y  a f f e c t e d  by some d a t a  l o s s  and i n  any c a s e  would l i k e l y  
p i c k  up e q u i v a l e n t  data  d u r i n g  a n  6, isuing p e r i o d .  The LSM 
a l s o  looks  f o r  random magne-tic d i s t u r b a n c e s  b u t  t h e s e  are presumed 
t o  b e  ra re .  The PSE seeks random e v e n t s  which are  b o t h  s h o r t  
i n  d u r a t i o n  and rare  ( o c c u r  a t  a c u r r e n t l y  p r e d i c t e d  c o n s t a n t  
ra te  o f  abou t  25  e v e n t s  p e r  y e a r )  s o  t h a t  " d a t a  l o s s "  h e r e  
means a lower  p r o b a b i l i t y  of e v e n t  d e t e c t i o n .  The s i g n i f i c a n c e  
of t h i s  loss, if a n y ,  i s  d i f f i c u l t  t o  j u d g e  a t  t h i s  t i m e ,  
b u t  i t  i s  b e l i e v e d  t h a t  l i t t l e  or no l o s s  o f  d a t a  o f  s i g n i f i c a n c e  
w i l l  o c c u r  due t o  o c c a s i o n a l  p e r i o d s  o f  ALSEP systeiii down-time. 

4 .  o surwm AND CONCLUSIONS 

4 . 1  Sumniary 

ALSEP, b e i n g  emplaced by hand on t h e  l u n a r  s u r f a c e ,  
r e q u i r e s  no t r a c k i n g ,  ephemer is  u p d a t i n g ,  o r  v e h i c l e  o r i e n t a t i o n /  
s t a b i l l z a t i o n ;  het ic? ,  many o f  t h e  x o r e  t i m e - c r i t l  c s l  f 7 m c t t ~ : - s  
n o r x a l l y  a s s o c i a c e d  w i t h  g e o p h y s i c a l  s a t e l i i t e s  and  s ~ d c e  
p r o b e s  a x  l a c k i n g .  As a consequence ,  t h e  s t r i n g e n t  need for 
r e a l - t i m e  data p r o c e s s i n g  and v e h i c l e  c o n t r o l  i s  r educed  
s i g n i f i c a n t l y .  
i t s  c y c l i c a l  ex t r emes  o f  t e m p e r a t u r e  and t h e ,  as y e t ,  l a r g e l y  
unknown magni tude  and t empora l  v a r i a t i o n  o f  i t s  g e o p h y s i c a l  
phenomena, p o s e s  u n c e r t a i n t i e s  c o n c e r n t n g  t h e  degree of  r e a l -  
time c o n t r o l  t h a t  will be n e c e s s a r y ,  Thi? i s  pz2rtic111 l L ? l ~ r  

t h e  c a s e  i i i t h  r e g a r d  t o  t h e  a d j u s t m e n t  o f  t h r e s h o l d s  and 
s e n s i t i v i t y  l e v e l s  o f  t h e  e x p e r i m e n t s .  I n  g e n e r a l ,  however,  
i t  i s  b e l i e v e d  t h a t ,  f o l l o w i n g  i n i t i a l  c a l i b r a t i o n ,  s u c h  
a d j u s t m e n t s  w i l l  o c c u r  i n f r e q u e n t l y .  The u l t i m a t e  c r i t e r i o n  
for a s u c c e s s f u l  m i s s i o n  i s  t h a t  s c i e n t i f i c  da ta  be o b t a i n e d  
for as l o n g  as p o s s i b l e .  It i s  assumed t h a t  real- t ime m o n i t o r i n g  
and c o n t r o l  w i l l  be a v a i l a b l e  and w i l l  be  c o n t i n u e d  u n t i l  t h i s  
i s  a c h i e v e d .  

On t h e  o t h e r  hand ,  t h e  l u n a r  env i ronmen t ,  w i t h  

"J 

V a l i d  e s t i m a t e s  cannot  y e t  be  made o f  all t h e  con- 
t i n g e n c y  needs  t h a t  w i l l  d eve lop .  However, t h e  l i m i t e d  number 
o f  commar,cis a v a L l a b l e  s u g g e s t s  a l i m i t e d  number o f  " f i x "  
o p t i o n s  and t h i s  i s  t h e  i m p o r t a n t  p o i n t  i n s o f a r  as t h e  o b j e c t i v e s  
o f  t h i s  p a p e r  are  conce rned .  F u r t h e r ,  s i n c e  ALSEP i s  a s c i e n c e  
o b s e r v a t o r y ,  Lhere w i l l  be a t endency  t o  a v o i d  t i n k e r i n g  w i t h  
i t  once  an optimum o p e r a t i n g  mode has been  a c h i e v e d ,  T h i s  
w i l l  r e d u c e  f u r t h e r  t h e  number of real- t ime c o n t i n g e n c y  
a c t i o n s  t h a t  w i l l  be t a k e n .  
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4 . 2  Conc lus ion  

Compared w i t h  o t h e r  s a t e l l i t e  o r  s p a c e  p r o b e  v e h i c l e s ,  
ALSEP i s  a less  c o m p l i c a t e d  g e o p h y s i c a l  o b s e r v a t o r y  i n  terms o f  
t h e  amount of c o n t r o l  r e q u i r e d .  It b r 5 1 1 ,  t h e r e f o r e ,  r e q u i r e  
l e s s  real-t ime m o n i t o r i n g  t h a n  o t h e r ,  more " c o n v e n t i o n a l r r ,  
s p a c e c r a f t .  Thus,  i t  i s  concluded  t h a t  t h e  ALSEP real-time 
r e q u i r e m e n t  i s  f o r  computer  a v a i l a b i l i t y  d u r i n g  c e r t a i n  r e a s o n a b l y  
p r e d i c t a b l e  p e r i o d s  r a t h e r  t h a n  f o r  computer  d e d i c a t i o n  t h r o u g h o u t  
t h e  l i f e  o f  ALSEP. The more c r i t i c a l  of t h e s e  p e r i o d s  w i l l  
be  t h e  i n i t i a l  deployment/checkout/activation o f  ALSEP and  
d u r i n g  t h e  o c c u r r e n c e  o f  e v e n t s  c a u s l n g  r a p i d  changes  i n  t h e  
l u n a r  envi ronment  s u c h  as s u n s e t s ,  s u n r i s e s  and  s o l a r  a c t i v i t y ,  

The IBM 360/5O c u r r e n t l y  p l a n n e d  for ALSE? c o n t r o l  
w i l l  be  more t h a n  a d e q u a t e .  Th i s  computer  need  n o t  be d e d i c a t e d  
t o  ALSEP b u t  can  b e  s h a r e d  w i t h  o t h e r  p rograms .  It  i s  q u i t e  
p o s s i b l e  t h a t  t h e  ALSEP r equ i r emen t  w i l l  be  d r a s t i c a l l y  re,duced 
once t h e  . l u n a r  environment  has b e e n  p robed ;  t h u s ,  i t  is p o s s i -  
b l e  t h a t  a s i g n i f i c a n t  p o r t i o n  o f  t h e  IBM 360150 c a p a b i l i t y  
c o u l d  b e  d e v o t e d  to o t h e r  needs .  The a u t h o r s  belie';? t,h~.!t 

on ly  t h e  first 1 0  days or s o  o f  o p e r a t i o n s ,  this f a c t o r  g radu-  
a l l y  d e c r e a s i n g  t o  505 a t  t h e  t i qen t i e t i i  day ,  t o  25; et t h e  
f o r t y - f i f t h  day and l e v e l i n g  o f f  a t  a 10% f a c t o r  u n t i l  t h e  next  
ALSEP i s  emplaced."  ALSEP d a t a  h a n d l i n g  i n  o t h e r  t h a n  r e a l  
t ime s h o u l d  n o t  b e  a s e r i o u s  problem i n s o f a r  as computer  
l o a d i n g  and s c h e d u l i n g  a r e  concerned .  

.. JL'cs "L  - :.;: , I _  11 r e q ' ~ l y 2  co:,;,~i;eL- sl~ppol.:, 12,:; of -I-,?. b ' l -  +-'--;. "I. ..- I ---,-.- ..l 

A backup  coi:lputt?r f o r  XLSZP is . no'; j u s ~ i r ' l e d .  S i n c e ,  
however ,  t h e r e  w i l l  b e  o c c a s i o n s  when da ta  p r o c e s s i n g  and  
d i s p l a y  w i l l  b e  d e s i r a b l e  d u r i n g  p e r i o d s  o f  I B N  360/50 o u t a g e  
a t i e - i n  w i t h  t h e  e x i s t i n g  IBM 360/75 s y s t e m  i n  t h e  MCC-H 
would '  be advan tageous .  

2015-pJH-kse JHF 
. .  

*The EASEP package now scheduled  for t h e  f i r s t  l u n a r  
l a n d i n g  w i l l  y i e l d  p r e l i m i n a r y  data on t h e  geophysical 
a c t i v i t y  o f  t h e  moan and  on t h e  o p e r a t i o n  of  t h e  C e n t r a l  
S t a t i o n .  T h i s  i n f o r m a t i o n  w i l l  a l l o w  a more p r e c i s e  estimate 
t o  b e  made of  t h e  real-time computer r e q u i r e m e n t s .  
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TABLE I1 

AUTOMATIC ONE-TIME AND C Y C L I C  COMMANDS 

The command decoder  a u t o m a t i c a l l y  g e n e r a t e s  s e v e n  one- 
t i m e  comrhhnds a f t e r  a 96-hour d e l a y .  The one-time d e l a y e d  
command f u n c t i o n s  and  t i m e  o f  e x e c u t i o n  are:  

COMMAND NO. FUNCTION WHEN EXECUTED 

75 Blow CPLEE d u s t  c o v e r  

69 . S e t  C G I G  sea l  b r e a k  96 h r s .  + 2 m i n s .  

59 Uncage PSE 

7 2  Execu te  C C I G  s e a l  b r e a k  9 6  h r s .  + 3 mins .  

5 2  Blow SWS d u s t  c o v e r  

71  S e t  S I D E  b l o w  d u s t  c o v e r  

7 2  

96 h r s .  + 4 m i n s ,  

Execu te  SUI5 b l o w  d u s t  c o v e r  96 h r s .  f 5 ixins .  

These one-t ime commands a r e  f o l l o w e d  by two f u n c t i o n s  
which are c y c l e d  a u t o m a t i c a l l y  for t h e  l i f e  o f  ALSEP a t  1 2  
h o u r  i n t e r v a l s .  These a re :  

89 Magnetometer f l i p / c a l i b r a t e  108 hrs .  t 1 min.  
s equence  

and  t h e n  e v e r y  

1 2  h r s .  

42 A c t i v a t e  Power D i s t r i b u t i o n  1 0 8  hrs. b . 7  mins .  
Un i t  t o  res tore  power t o  l o w e s t  and t h e n  e v e r y .  
e x p e r i m e n t .  1 2  hours. 
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PRIME 

MCC-H 

MCC-H 

TABLE I11 

SUMMARY OF ALSEP BACKUP COMMAND SYSTEMS 

MCC-H 

BACKUP BACKUP ACTION 

Astronaut Astronaut turns on transmitter, 
data processor and experiments 
by activating 3 switches on 
central station. 

Timer 

r l -  i l X e Y  

Timer 

Timer activates a series of com- 
mands starting 96 hours after 
the coupling of the RT5 to thz 
Cegtral Station. Initiates 
removal of dust covers from 
the SWS and SIDE and uncages the 
PSE. 

to reset the circuit breaker In 
the power line to t h e  receive,.. 

G e n ~ ~ ~ ~ t ~ : s  ;1 slgnp-l  ~ ' r s ~ y  12 '--- 1.- 3 . 

At 108 hrs  and.1 min. Initiates 
f'lipLcalibrate sequence. 

At 108 h r s .  and 07 mins. Insures 
power distribution relay of the 
fourth (lowest priority) experi- 
ment is in the operational power 
ON position'. 

Repeats both events at 12 h r .  
intervals for Xife of ALSEP.  
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8 . 0  APPENDIX A 

GSFC E x p e r i e n c e  w i t h  t h e  O r b i t i n g  
G e o p h y s i c a l  Obse rva to ry  ( O G O )  Program 

! 
’ !  

I n  a n  a t t e m p t  t o  e s t i m a t e  t he  amount of  r e a l  t i m e  
s u p p o r t  a p a r t i c u l a r  program o r  i n d i v i d u a l  f l i g h t  will a c t u a l l y  
u s e , i t  is h e l p f u l  t o  r e f e r  t o  t h e  f l i g h t  e x p e r i e n c e  of a 
p r e v i o u s  program. 

I n  some r e s p e c t s  t h e  OGO and ALSEP programs a re  simi- 
l a r .  E o t n  a r e  r emote ,  a u t o m a t i c ,  g e o p h y s i c a l  s t a t i o n s  l o c a t e d  
i n  s p a c e ,  and b o t h  accommodate a v a r i e t y  o f  e x p e r i m e n t s  which 
r e q u i r e  h e a l t h  c h e c k i n g ,  data  r e a d o u t  and. commanding f o r  
c a l i b r a t i o n .  P r i n c i p a l  d i f f e r e n c e s  are:  

a,. Power supply--Ni/Cd b a t t e r i e s  cha rged  by s o l a r  c e l l s  
f o r  O G O ;  r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r  ( R T G )  
f o r  ALSEP . 

b .  Type and number of exper iments - -20  or more, T i e a s w i n g  
c i s l u n a r  environment  for OGO; four or f i v e ,  rneasi.irLng 
l u n a r  s u r f a c e ,  s u b s u r f a c e  and n e a r  s u r f a c e  env i ronmen t  
for ALSEP. 

c .  Method of  emplacement: Unmanned and a u t o m a t i c  f o r  
OGO; man trznsported, e r e c t e d  2nd checker! c u t  for 
ALSE?. 

d .  V e h i c l e  a t t i t u d e  and t r a c k i n g  r equ i r emen t s -cons ide r -  

C o n s i d e r i n g  i n t e r e s t  i n  s c i e n t i f i c  d a t a  one can  

able  f o r  OGO; none f o r  ALSEP. 

e x p e c t  t h a t  t h e  P r i n c i p a l  I n v e s t i g a t o r  ( P . 1 . )  i n t e r e s t  l e v e l  
and  t h e  real-t ime data  p r o c e s s i n g ,  computer and d i s p l a y  r e -  
q u i r e m e n t s  s h o u l d  b e a r  s i m i l a r i t i e s .  A s  e x p e c t e d ,  t h e  P. I .  
i n t e r e s t  i n  real  t ime  OGO d a t a  d i r d n i s h e d  r a p i d l y  w i t h  t ime as 
t h e  d a t a  p o i n t s  became r e p e t i t i v e  f o l l o w i n g  t h e  f i r s t  f e w  o r b i t s .  
T y p i c a l l y ,  g e o p h y s i c a l  expe r imen t s  y i e l d  a maximum o f  new i n -  
f o r m a t i o n  w i t h i n  t h e  f i r s t  few hours o r  d 2 y s  of operation. 
f o l l o w i n g  weeks,  months and y e a r s  t h e n  t e n d  t o  c o n f i r m  and  r e f i n e  
t h e  o r i g i n a l  d a t a .  Health checks ,  tweak ing  o f  g a i n s  and d a t a  
r e a d o u t s  cor i t inue  i n d e f i n i t e l y  d u r i n g  t h e  l i f e t i m e  of  t h e  
equipment  b u t  a r e  conducted  i n  a more r o u t i n e ,  more e a s i l y  

The 
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s c h e d u l e d  f a s h i o n .  A l s o ,  p r e d i c t a b l y ,  t h e  e x p e r i e n c e  l e v e l  
of p e r s o n n e l  r e q u i r e d  t o  c o n t i n u e  t h e  o p e r a t i o n  d e c r e a s e s  w i t h  
time--the s c i e n t i s t  and t h e  s e n i o r  f l i g h t  c o n t r o l l e r  g i v i n g  
way t o  t h e  s t u d e n t  and  t h e  t e c h n i c i a n ,  The need  f o r  rea l - t ime 
data r e c e i p t ,  p r o c e s s i n g  and d i s p l a y  i s  r e d u c e d  a c c o r d i n g l y .  

To a degree, t h e  t o t a l  r e s o u r c e s  r e q u i r e d  f o r  ALSEP 
c a n  b e  i d e n t i f i e d  and compared w i t h  an on-going program s u c h  as 
OGO. C e r t a i n l y ,  ALSEP i s  a l e s s  c o m p l i c a t e d  and  demanding 
v e h i c l e  t h a n  OGO.  
256 commands wh i l e  ALSEP1 and 2 will r e spond  t o  o n l y  6 6 .  
The SDS 930 computer  has proven  t o  b e  a d e q u a t e  f o r  t h e  OGO 
m i s s i o n  and s t u d y  i n d i c a t e s  t h a t  someth ing  l ess  t h a n  t h i s  
would be a d e q u a t e  f o r  ALSEP. 

For  example,  t he  t y p i c a l  OGO c a n  r e s p o n d  t o  
' 

The e f f e c t i v e  use  by t h e  OGO program o f  P u l s e  Code 
Modulat ior ,  Data Handl ing  Equipment (PCBI-DHE) b o t h  as a back- 
up  to t h e  SDS 930 computer and a1s.o as a pr ime means o f  produc-  
i n g  a n a l o g  data on s t r i p  c h a r t s  is" of  i n t e r e s t .  Backup i s  t h u s  
a f f o r d e d  i n  t h e  e v e n t  of f a i l u r e  o f  t h e  computers  and t h i s ,  
t o g e t h e r  w i t h  a n  a b i l i t y  t o  command a t  t h e  remote  s i t e s ,  has 
p-ovided an a d e 2 u a t e  redundency i n  t h e  ground s y s t e m .  These 
r e l a t i v e l y  l o w - c o s t 3  features c o u l d  have a p p l i c a t i o n  to t h e  
ALSEP p rogran  and s h o u l d  be s e r i o u s l y  c o n s i d e r e d  f o r  ; :ossible 
i n c l u s i o n  i n  t h e  ALSEP s u p p o r t  sys t em.  One PCM-DHE u n i t  c o u l d  
d r i v e  a b o u t  20  s t r i p  char ts  s o  t h a t ,  f o r  example,  1 0  s t r i p  
c h a r t s  o f  PSE and o t h e r  exper iment  da t a  and 10. f o r  ALSEP h e a l t h  
s t a t u s  c o u l d  r e s u l t  i n  e s s e n t i a l l y  1 0 0 %  cove rage  d u r i n g  p e r i o d s  
when t h e  I B N  360/50 was u n a v a i l z b l e  : P . l t h o u s h  coFtinunus 
cove rage  (2nd t h e  j - m z l i c d  r,ct>d fs'r; S E , Z . O ~ - ! ~ ~ ,  ~ ; ~ 2 ; ~ ~ : . i ;  C{:,T!- 

p u t e r )  c a n n o t  be r i g o r o u s l y  j u s t i f i e d ,  t h e  risk of- m i s s i n g  
i n  r e a l  t i m e  a s c i e n t i f i c a l l y  s i g n i f i c a n t  e v e n t  o f  g rea t  
i m p o r t a n c e  ( s u c h  as a moonquake) w i l l  e x i s t  whenever t h e  
computer  i s  u n a v a i l a b l e  f o r  w h a t e v e r  r e a s o n .  Cont inuous  
c o v e r a g e  by means of t h e  PCM-DHE would e l i m i n a t e  t h i s  r i s k  
as w e l l  as p r o v i d e  more l a t i t u d e  i n  t h e  s c h e d u l i n g  o f  t h e  
IBM 360/50 f o r  o t h e r  p u r p o s e s .  

*The c o s t  o f  one PCM-DHE $ $100-i20~. 


